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Abstract
In northern Deep Springs Valley (DSV), between Owens Valley and Death Valley, California, Miocene-Pliocene-age, olivine basalts lie on the valley floor and atop the adjacent White/Inyo Mountains to the west and the Deep Springs Range to the east. Previous geologic mapping shows the DSV basalt flows and the Last Chance Range (LCR) basalts found to the southeast are the same geologic unit with a source in the White/Inyo Mountains. The basalts in northern DSV are offset ~400 m by the Deep Springs fault and have a K/Ar age of 10.8 Ma.

To determine if the olivine basalts found in the region are all from the same source, four samples were collected in a linear pattern from west to east across northern DSV. The samples were powdered and analyzed for major and trace element composition by X-Ray Fluorescence spectrometer (XRF). 

Trace-element plots (e.g., Ba, Nb, Zr, Y, Ce, etc.) show that the DSV basalts are similar and are likely from the same source; however, the composition of the DSV basalts are distinct from the LCR basalts. I interpret this data to show that the DSV and LCR basalts have different sources and should not be mapped as the same geologic unit. The likely source of the DVS basalts is in the White/Inyo Range. The geochemical correlation shows that the DSV basalts flowed NW to SE in a paleochannel 10.8 Ma and that DSV did not exist at that time. 
//////////////////////Introduction

Questions exist about the possible dispersal pathways of various ancient species such as the pupfish (Knott et al., 2008; Phillips, 2008; Echelle, 2008). Early hypotheses suggested that pupfish dispersed along the ancient rivers and lakes of eastern California about 20,000 years ago (Blackwelder, 1933); however, biological studies show that this is an insufficiently short time period and a more realistic time is about 4 Ma (Smith et al., 2002). A 4,000,000 year time frame allows for plate tectonic motions to impact migration pathways. Reheis and Sawyer (1997) hypothesized that basalt flows of the White Mountains occupied ancient river channels and flowed possibly as far southeast as Death Valley. Basalt flows found atop the White Mountains, Deep Springs Range (DSR) and Last Chance Range (LCR) are all mapped as the same geologic unit (Tb; McKee and Nelson, 1967; Wrucke and Corbett, 1990) presenting the possibility that one flow emanated from the White Mountains and possibly reached Death Valley, thus showing the possible ancient river trace that would connect pupfish populations. 
In this study, I present geochemical analyses of the basalt flows of the northern DSR. These basalts are the first key link between the White Mountains and Death Valley. We will then compare these data with basalts atop the LCR to the southwest to try and show that these are or are not the same basalt flow and potential pathway for pupfish dispersal. 

Location

Deep Springs Valley (DSV) is located about 37±1 kilometers (~23±1 miles) east of Bishop, California. DSV is a 25 kilometers long closed basin between the southern White Mountains and the northern Inyo Mountains (Figure 1). The olivine basalts crop out in the north end of DSV (Figure 2). The east side of DSV is bounded by the DSR. At the base of the DSR is the north-northeast striking, normal slip Deep Springs fault zone (Reheis and Sawyer, 1997). 
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Background

Observations indicate that ancient basalts flowed downhill along ancient riverbeds (Dalrymple, 1963). Dalrymple (1963) determined by whole-rock K/Ar that the olivine basalts with locally scoriaceous features in the DSV and the White Mountains are 10.8 Ma. A tuff below the basalt yields an age of 10.9 Ma. 

McKee and Nelson (1967) mapped olivine basalt flows (Tb) in the northern DSV, DSR and LCR (Figure 3). These flows span from the Inyo Mountains east to Piper Mountain in the DSR. McKee and Nelson (1967) show the basalt offset by strands (west side down) normal faults of the Deep Springs fault zone (Figure 4). Most of these normal faults do not offset the older 
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alluvium (Qoa); however, one north-trending normal fault produces a scarp in the Qoa. All of the faults are buried by the younger alluvium (Qa) and alluvial fan (Qf) deposits. Thus, the Deep Springs fault zone in northern DSV began sometime after 10.8 Ma, but has not produced ground rupture since deposition of the Qoa. 
Krauskopf (1971) listed a 4.8 Ma K/Ar age for olivine basalts with locally scoriaceous features (Tb); however, this basalt is actually not in the White Mountains, but across Fish Lake Valley to the northeast. Krauskopf mapped a basalt overlying rhyolite tuff near Cottonwood Creek in the White Mountains, which is the likely location of Dalrymple’s (1963) 10.8 Ma basalt.  

Reheis and Sawyer (1997) proposed that basalts of the Deep Springs/Eureka Valley area flowed from the White/Inyo Mountains to the LCR and had the same source. They wrote “major oxide and trace elements analyses indicate that the basalts are from the same sequence of flows or at least share a common parentage” (Reheis and Sawyer 1997, pg. 284). They showed paleo-channels locations and report the 10.8 Ma K/Ar age of Dalrymple (1963) for the basalt at Piper Mountain. Correlation of the Piper Mountain basalt with those dated in the White Mountains by Dalrymple (1963) is reasonable; however, McKee and Nelson (1967) mapped sedimentary rocks below the Piper Mountain basalt, not a rhyolite like Dalrymple (1963). One drawback to the correlation of basalts in the White/Inyo Range is that there are no published geochemical analyses of the White Mountain basalts. 
Ormerod et al. (1988; 1991) showed that basalts of the Great Basin have a unique ratio of Zr/Ba. They used these two elements rather than Nb because the concentration of Nb is relatively low and subject to analytical error. Zr and Ba are both relatively immobile elements in basalt magmas and Ormerod et al. (1988; 1991) showed that the ratio is consistent and indicative of magma source. They found that basalts with Zr/Ba ratios <0.2 are greater than 5 Ma at the latitude of Bishop and indicate a lithospheric contamination. In contrast, basalts with a Zr/Ba ratio >0.2 are younger than 5 Ma and indicate an asthenosphere source. 

Kempton et al. (1991), also working on Great Basin basalts, found that there was significant variation in Ce and Y concentrations. They used the ratio of Ce/Y to illustrate the fractionation of rare-earth elements in various magma sources. 
Pluhar et al. (2005) showed that X-ray Fluorescence spectroscopy (XRF) effectively sorted out different basalt flows of the Coso Volcanic field, California, just southwest of Deep Springs Valley and part of the Great Basin. Many of the Coso basalts were thought to be the same; however, Pluhar et al. used Harker diagrams and plots of Rb/Nb vs. Sr/Zr to segregate different basalts from the same source. 
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Manoukian (2012) analyzed basalts from the LCR by XRF as well. Miller and Wrucke (1995) reported a K/Ar age of 5.5 Ma for the basalt analyzed by Manoukian. 

Objective 

We tested the following hypotheses by completing XRF analysis on basalt samples of northern DSV:

1. If the olivine basalts in northern DSV are the same, then they should all have the same geochemical composition.

2. If the olivine basalts in northern DSV are different, then they should all have different geochemical compositions. 

3. If the olivine basalts in northern DSV and the LCR have the same source, then the geochemical compositions would be the same proving that the olivine basalts came from the LCR.

4. If the olivine basalts in northern DSV and the LCR have different sources, then the geochemical compositions would be different which would prove the source had a different origin such as the White Mountains located in the northwest.

Methods

We collected basalt samples (Figure 5) from four locations in northern Deep Springs Valley. Each sample was described in the field and the location recorded using a hand-held GPS (Table 1). 

Table 1: Universal Transverse Mercator coordinates of samples collected. Coordinates were determined with a hand-held GPS receiver and are in section 11S.

	AJC-DSV-052813-1
	AJC-DSV-052813-2
	AJC-DSV-052813-3
	AJC-DSV-052913-4

	411661E
	413804E
	414430E
	416827E

	4141290N
	4140912N
	4141141N
	4140683N
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	Figure 5: Photograph (above) of outcrop where AJC-DSV-0528-13-2 was collected. In the low background is the location of sample 3 with the location of sample 4 on the skyline atop Piper Mountain. At left is a close-up of sample 2 location. 


I used XRF to determine the geochemical composition of each sample collected. The XRF uses x-rays to excite the electrons of the elements. When the electrons become excited, they jump an electron shell and when returning back to its original stable state, energy is released as light. The amount and wavelength of the light indicates the quantity and types of major and trace elements present. The data was analyzed and data reduction completed at Pomona College.
Results and Discussion
The main results are XRF analysis of whole-rock samples (Table 2). The data collected is relatively well behaved. One sample (AJC-DSV-052813-4) was randomly chosen to be run twice to measure accuracy. For the duplicate samples, the Relative Standard Deviation (RSD) ranged from 0.0% to 254%. The highest RSD was for Ta at 491.9%. The concentrations of Ta for all five AJC samples ranged from -2.5 ppm to 2.9 ppm The negative values clearly indicate poor data, as a result, Ta was no longer considered for data analysis.

Beside Ta, U and Th also had RSD results of 47% and 70%, respectively. The concentration of U ranged from 0.7 to 4.9 ppm whereas the concentration of Th ranged from 0.9 to 4.3 ppm. These concentrations are very low and the range produces a mean with a high standard deviation. The explanation for the wide range of concentration of U and Th is probably related to the large atomic radius that may result in excessive interferences. 
Excluding Ta, U and Th, the RSDs for the remaining elements and oxides for the duplicate samples range from 10-15% (Sm, Nd, Pb), 5-10% (Cr, Cu, Ni, Zn, Zr, Ce, La, Nb) and less than 5% for the remaining elements and oxides. In general, I regarded RSDs less than 10% for the duplicate analyses as acceptable and indicate that the particular concentration of that element or oxide was acceptable for data evaluation. 

The Total Alkali Silica (TAS) diagrams (Figure 6) distinguish igneous rocks geochemically using the Silica (Si) and Total Alkali (K2O + Na2O). The DSV samples plot in the basalt field. 
Table 2: X-Ray Fluorescence Data. Concentrations are in parts per million unless labeled as weight percent (%).
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AJC-DSV-

052813-1

AJC-DSV-

052813-1

AJC-DSV-

052813-2

AJC-DSV-

052813-2

AJC-DSV-

052813-3

AJC-DSV-

052813-3

AJC-DSV-

052813-4

AJC-DSV-

052813-4

AJC-DSV-

052813-

4(DUP

AJC-DSV-

052813-

4(DUP EV-122111-1 EV-061811-1

SiO2 (%)

48.97 49.1 46.24 43.24 47.11 46.55 48.58 47.2 48.81 45.82

46.85 47.67

Al2O3 (%)

15.42 15.43 13.97 13.06 15.1 14.91 16.28 15.81 16.33 15.37

15.03 15.24

Fe2O3 (%)

9.69 9.72 12.38 11.22 9.51 9.35 9.24 8.92 9.37 8.61

10.92 10.73

MgO (%)

7.28 7.31 8.21 7.66 9.34 9.21 7.28 7.12 7.29 6.87

7.4 7.86

MnO (%)

0.15 0.15 0.18 0.16 0.16 0.15 0.15 0.14 0.15 0.14

0.16 0.16

CaO (%)

10.2 10.22 10.79 10 10.92 10.79 9.87 9.63 9.86 9.17

10.18 9.18

Na2O (%)

3.03 2.96 2.78 2.53 2.47 2.32 2.72 2.67 2.88 2.57

2.83 2.83

Ba

1008.4 1024.2 1701.5 1569.7 1038.2 1019.4 1048.5 1007 1055.5 971.7

1072.6 1053.05

Rb

27.5 28.8 28.4 32.4 25.6 26 33.2 34.2 30.8 35.1

30.9 31.79

K2O (%)

1.5 1.49 1.44 1.31 1.39 1.35 1.64 1.6 1.65 1.52

1.75 1.76

Nb

10.3 10 27.4 24.4 9.1 9.4 10.7 8.6 9.1 7.8

20.2 21.64

La

40.3 37.1 69.3 54.6 52.2 50.9 45.9 43.7 45.4 49.4

50 51.49

Ce

81.1 77.1 134.9 112.5 105.4 103.4 94.3 92.8 97.5 102.4

113.6 106.74

Sr

929 933.1 1291.6 1165.1 1101.5 1078.2 1078.5 1051.1 1080.1 982

945.6 927.71

Nd

39 25.5 62.6 55.1 42.3 45.3 45.6 43.6 45.8 53.3

47.5 49.23

P2O5 (%)

0.52 0.52 0.96 0.9 0.53 0.53 0.53 0.51 0.54 0.51

0.62 0.6

TiO2 (%)

1.37 1.37 2.33 2.14 1.19 1.17 1.25 1.22 1.25 1.15

1.61 1.63

Sm

6.3 6.3 9.2 7.7 7.3 8.9 8.2 7.2 7.2 8.4

4.7 6.45

Zr

188.7 188.1 252.2 222.9 174.7 170.2 186.1 179.8 187.5 166.7

248.3 249.39

Hf

3.8 3.6 4.6 3.8 3.8 3.1 4.1 3.4 3.4 3.2

4.4 5.1

Y

19.9 19.9 29.6 29.2 22.5 21.9 22.1 22.3 22.6 23.2

22.4 22.29

Zn

94.2 94.9 125.5 107.5 100.2 98.2 102.1 95.5 98.8 83.9

105.8 105.91

V

209.6 210.3 237.3 210.1 217.5 209.6 205.5 195.2 208.2 193.4

224.2 215.64

U

0.8 0.7 1.9 4.9 -2 1.2 0.3 2 2.9 1

2.9 0.53

Th

1 0.9 1.6 4.3 -0.2 2.9 2.3 1.8 2.2 0.6

2 2.1

Ta

1.9 2.9 -0.9 -2.5 -1.2 -1.6 1.2 2.8 2.3 -0.8

-0.3 -0.54

Sc

25.9 25.9 28.4 27.7 28.5 25.4 25.6 23 26.4 22.3

24 24.06

Pr

6 10.4 15.3 9.6 7.1 10.8 13.2 10 8.9 9.6

11.3 11.51

Pb

4.8 2.8 -2.5 0.8 -1.6 0 2.3 4.2 5.8 5.1

10.7 10.2

Ni

204.4 206.2 175.6 157.4 170.1 165.2 128.1 126.8 126 112.7

147.7 141.16

Ga

18.5 18.6 19.8 16.7 18.5 16.9 18 17.7 18.5 16.6

19.6 19.43

Cu

41.2 42.5 49.1 40.9 37.8 37.2 36.3 35.1 38.1 31.5

61.3 55.66

Cr

407.5 410.9 340.8 320.7 497.5 487.9 343.2 343.5 342.4 315.3

296.5 282.43
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Pluhar et al. (2005) used ratios of Rb/Nb and Sr/Zr for “lava fingerprinting”. A plot of Rb/Nb vs. Sr/Zr shows that the DSV basalts are distinct from the Coso basalts (Figure 7). The DSV basalts show quite a range of Rb/Nb ratios. This is likely the result of the relatively low Nb concentration as described by Ormerod et al. (1988). Ormerod et al. (1988; 1991) and Kempton et al. (1991) both noted that the unusually low Nb concentrations led to potential analytical errors. They found that ratios of Zr/Ba and Ce/Y adequately distinguished basalt flows of differing age and tectonic setting. 
A plot of Zr/Ba vs. Ce/Y shows that the 10.8 Ma DSV basalts have a ratio of Zr/Ba <0.2 (Figure 8). This is consistent with Ormerod et al.’s hypothesis that basalts >5 Ma have Zr/Ba ratios <0.2 as a result of lithospheric contamination by the subducted Farallon plate. 
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Plotting Pluhar’s XRF results on the Rb/Nb vs. Sr/Zr diagram shows that the LCR basalts plot in a separate cluster from both the Coso and DSV basalts (Figure 7). Plotting the LCR basalts on the Zr/Ba vs. Ce/Y diagrams (Figure 8) shows that the LCR basalts have a Zr/Ba ratio >0.2. A ratio of >0.2 is attributed to mantle magmas <5 Ma and a asthenosphere source. This >0.2 Zr/Ba ratio conflicts with Miller and Wrucke’s (1995) whole-rock 5.5 Ma K/Ar age. One possible explanation is that Ormerod et al.’s observations are inconsistent. Alternatively, the K/Ar date is incorrect. The latter is more likely considering that a preliminary 40Ar/39Ar date (sanidine) on a rhyolite tuff that underlies the basalt is ~3.5 Ma. 

The linear trend of Ce/Y shows that AJC-DSV-052813-1, -3 & -4 are from the same flow (Figure 8). The offset of AJC-DSV-052813-2 from the others suggests that this was separate flow or some process impacted the Zr/Ba ratio as the basalt cooled.  Again, this is consistent with Ormerod et al.’s hypothesis that the basalts are greater than 5 Ma (>5 Ma) also have less than 0.2 (<0.2) Zr/Ba ratios (Figure 8). 
Conclusions, Significance and Future Work
Geochemical data (Zr/Ba vs. Ce/Y) show that the DSV basalts are different from the LCR basalts in a similar geomorphic position atop each range. The Zr/Ba ratio indicates that DSV basalts erupted prior to 5 Ma whereas the LCR basalts erupted after 5 Ma or after the Mendocino triple junction moved north of Bishop. This different Zr/Ba ratio indicates that the DSV basalts and LCR basalts had different magma sources. 

Because the olivine basalts in the northern DSV are the same, then when the flows erupted, there was a topographic low (e.g. ancient river channels) that allowed the basalts to flow southeast from the White/ Inyo mountains to the Deep Springs Range. That would indicate that Deep Springs Valley and the Deep Springs Range did not exist. If this is true, another hypothesis arises in which we can calculate the minimum slip rate of the Deep Springs fault zone by taking the ~400m offset of the basalt flow and the 10.8 Ma age to determine an estimated minimum 0.04 mm/yr slip rate.

These data show that there are different basalts of differing age in the Deep Springs/Eureka/Last Chance region. Correlation of the DSV basalts indicates that a flow from the White Mountains traveled to at least Piper Mountain in the DSR and shows that there was a possible river channel that connected the White Mountains with the LCR to the southeast. As to whether the channel extended further east to Death Valley or turned south is unknown; however, this potential dispersal pathway is not eliminated at this time.
Future work should include sampling of additional basalts found to the northwest and southeast of DSV. Some new geochronology of the basalts should also be done to improve the existing K/Ar chronology. Additional analytical data, such as mass spectrometry, should be done to improve the precision and accuracy of the geochemical character of the rocks. 
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Figure � SEQ Figure \* ARABIC �1�: Eastern California/ Southern Nevada area showing mountain ranges and valleys. The box is the research area.





Figure � SEQ Figure \* ARABIC �2�: Deep Springs Valley area showing Mountain Ranges and Valleys zoomed in. The box is the research area. 
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Figure � SEQ Figure \* ARABIC �3�: The upper part is  portion of the Soldier Pass 15’ quadrangle geologic map by McKee and Nelson (1967). The lower portion is a Google Earth image of the same area. The unit Tb in the red boxed area is olivine basalt and the sample locations are shown on both. The cross section along A-A’ is shown in Figure 4.





Figure � SEQ Figure \* ARABIC �4�: Cross section of northern Deep Springs Valley by McKee and Nelson (1967).





Figure 6: TAS (www.neiu.edu/~kbartels/DrBartelsExcelSpreadsheetModel.xls)





Figure 7: Pluhar et al. (2005)





Figure 8: Ormerod et al. (1988; 1991) and Kempton et al. (1991)
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